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Foam Injection Molding Process (FIM)
Option II: 
CO2 or N2Option I: 
CBA
[Trexel GmbH]
Interieur-part [Covestro]
[Trexel GmbH]
Polymer
BA
plasticizing unit Mold
BA - blowing agent
CBA - chemically blowing agent
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3 - layer - structure 
0,25 mm
0,25 mm
solid skin layer
foamed core
solid skin layer
Resulting component structure:
Influencing factors on the characteristic 3 - layer structure (selection):
• Process temperatures
• Injection speed
• Process pressure
• Material characteristics
• Type of blowing agent
• Amount of blowing agent
• Foaming degree
Process
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Complex components with undercuts can not be manufactured by conventional 
injection molding
Image: delamination during IR welding
[Engel]
Processing Limits
• Welding enables the production of highly complex components
• Welding of compact thermoplastic materials belongs to the state of the art
• In contrast, the joining of foamed thermoplastics is a great challenge
• So far in-house know-how based on trial and error
Limitation of the foam injection molding process:
 A systematic investigation of the welding of foamed parts is required
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✔
p
Applying the joining
pressure
Welding within the
solid skin layer
Welding outside the solid skin layer
Puncturing the foamed core
Problem 
Main topics and questions:
• Influence of different materials on foaming and welding process
• Influence of the foam injection molding parameters on the cell structure 
• Influence of the cell structures on the component properties
• Possibility of conventional welding despite thin layer thickness
• Effect of the blowing agent still contained in the component
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Material
Process
parameter
Foaming
parameter
Morphology
Welding
process
• holistic view of the processing chain of the part (Injection molding and Welding process)
• Interaction between injection molding parameters - component structure - surface quality
• Explanation of process – structure – property relations for welding of foam injected 
thermoplastics 
• Analysis of the relationships between component structure and joining process 
(VIB- und IR-welding)
• Development of constructive design recommendations and processing instructions
FIM Process Welding Process
Research Objective
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Material
Experimental
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Experimental: Material
Material:
• Polypropylene + 12 wt.-% Talcum
(Hostacom TYC 469F)
• Polypropylene + 20 wt.-% GF  
(Hostacom ERG 393F BLACK)
• Polyamide 6 + 35 wt.-% GF 
(Durethan BKV35H2.0)
Blowing agent:
• physically:  Nitrogen (N2)
• chemically:  Hydrocerol ITP 825
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Foam Injection Molding Process (FIM)
Experimental
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Manufacturing parts via FIM
Specimen
• dimensions: 150x75x4 mm³ 
Machine
Material:
• Polypropylene + 12 wt.-% Talcum
• Polypropylene + 20 wt.-% GF 
• Polyamide 6 + 35 wt.-% GF 
Parameters:
• Mold temperature
• Melt temperature
• Injection speed
• Foaming agent (N2, Hydrocerol ITP 825)
• Foaming degree
• Amount of foaming agent
Experimental: Foam Injection Molding Process (FIM)
physically:
Cellmould®- technology using N2
chemically:
Hydocerol ITP825
Image: Battenfeld HM 110/525 
Production of physically (Cellmould®) and chemically foamed specimens 
under variation of the technical process boundary conditions:
Flow direction
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Manufacturing parts via FIM
Specimen
• dimensions: 150x75x4 mm³ 
Test methods
Material:
• Polypropylene + 12 wt.-% Talcum
• Polypropylene + 20 wt.-% GF 
• Polyamide 6 + 35 wt.-% GF 
Parameters:
• Mold temperature
• Melt temperature
• Injection speed
• Foaming agent (N2, Hydrocerol ITP 825)
• Foaming degree
• Amount of foaming agent
Experimental: Foam Injection Molding Process (FIM)
Flow direction
Production of physically (Cellmould®) and chemically foamed specimens 
under variation of the technical process boundary conditions:
Tensile test DIN EN ISO 527
Bending test DIN EN ISO 178
Puncture test DIN EN ISO 6603-2
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Welding
Experimental
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Specimen Welding process
Welding parameters
process parameter variation during infrared
and vibration welding:
Experimental procedure during welding:
K2150 (Bielomatik) M624-HRSi (Branson) 
Experimental: Welding
PP-GF20 PP-Talc PA6-GF35
T - jointButt joint
• Joining pressure pJ
• Joining path sJ
• Welding arrangement
• Storage time
IR VIB
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Test methods Welding process
Welding parameters
process parameter variation during infrared
and vibration welding:
Experimental procedure during welding:
K2150 (Bielomatik) M624-HRSi (Branson) 
Experimental: Welding
PP-GF20 PP-Talc PA6-GF35
IR VIB
Tensile test DVS 2203-2 
Bending test DVS 2203-5
ZWICK/ROELL Zmart.Pro (1464)
Olympus BX51
• Joining pressure pJ
• Joining path sJ
• Welding arrangement
• Storage time
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Base Material Characterization
Results
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Results: Characterization Of The Base Material
PP-GF20 PP-Talc
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PA6-GF35
 Recognizable well-defined 3-layer structure
 Differences depending on the material
 Differences depending on the foaming process
 Similar cell structure within the chemically foamed parts, greatly different cell structure 
within the physically foamed parts
Characterization of the foam structure as a function of the 
foaming process and material at 10% foaming degree:
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PA6-GF35 PP-GF20 PP-Talc
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 Mechanical strength depending on the material and reinforcing fibers
 Despite greatly different cell structures, no differences in mechanical strength between 
chemical and physical foaming at PP- material
 Same cell structure at PA6 but different bending strength in chemical and physical foaming
 Based on the 10% density reduction, higher loss of mechanical properties
-18%
-17%
-12%
-20%
BM 0%
PHY
CHEM
Results of the base material properties as a function of the foaming 
process and material at 10% foaming degree:
-18%
- 24%
-17%
Results: Characterization Of The Base Material
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Welding
Welding Arrangement
Foaming Process
Welding Parameter
Storage Time
Results
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Influence of the welding arrangement on the tensile strength (VIB):
 Decisive influence of the welding arrangement on compact and foamed material
 Achievable tensile strength in T-joint welding is less than in butt joint welding
 Comparable results in IR welding
 Results independent of material, foam and welding process
T- joint (VIB) 0%
Butt joint (VIB) 0%
Tensile strength, 10% chemically
BM compact, welded
Results: Welding
butt joint T-joint
10% 21% 10% 21%
PA6-GF35
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PA6-GF35 PP-GF20 PP-T12
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Influence of the foaming process on the tensile strength of IR welded material:
 As with the base material strongly material-dependent behavior
 No influence of the foaming process on PP materials
 Significant influence of the foaming process on PA6-GF35
 Same tendencies in VIB welding process
Results: Welding
tensile strength, 10%
BM compact, welded
PA6-GF35 PHY
PA6-GF35 CHEM
CHEMICAL PHYSICAL
Welding parameter IR: Standard: xR = 30 mm; tH = 10 s; pJ = 0.25 MPa; IR = 100 %
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Influence of the welding parameters on the tensile strength of PA6-GF35 10%, VIB:
physically 10%
𝑥𝐸 [µm]= 291 (122)
chemically 10%
𝑥𝐸 [µm]= 668 (89)
 Influence of parameter variation depending strongly on the solid layer thickness
 Good mechanical results if the solid layer thickness is bigger than the welding path
 If foamed core is punctured, an increased joining pressure ensures a better tensile strength
Results: Welding
PA6-GF35 compact, weldedTensile strength 
Welding parameter VIB: Standard: a = 0.9 mm; sJ = 1.0 mm; pJ = 0.5 MPa; Path++: 1.2 mm; Pressure++: 2.0 MPa
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 No subsequent foaming of the blowing agent in the weld seam 
 Higher mechanical strength with increasing storage time between injection molding and 
welding
 Increasing joining pressure does not lead to improved strength
Influence of storage time on the tensile strength of PP-GF20 chemical 10%, VIB:
Standard
Pressure ++StandardBM 0% welded
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Results: Welding (VIB) 
Welding parameter VIB: Standard: a = 0.9 mm; sJ = 1.0 mm; pJ = 0.5 MPa; Pressure++: 2.0 MPa
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Influence of storage time on the tensile strength of PP-GF20 chemical 10%, IR:
Standard Pressure ++
 Subsequent foaming in the weld seam due to renewed heat application in IR-process
 decisive influence of the storage time between FIM and welding process
 Increasing the joining pressure suppresses subsequent foaming and leads to better tensile 
strength even with short storage times
500 µm
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Results: Welding (IR) 
Welding parameter IR: Standard: xR = 30 mm; tH = 10 s; pJ = 0.25 MPa; IR = 100 %; Pressure++: 2.0 MPa
Pressure ++StandardBM 0% welded
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Conclusion
Conclusion
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• Decisive factor for the following welding process design
• Welding within the solid layer: conventional compact welding with very 
good mechanical properties
• Welding inside the foamed core: acceptable strength
• Possible increase of weld strength through parameter adaptation within 
the process limits
• Inhomogeneous 3-layer structure within the foamed part
⇒ Challenge for welding such components
• A targeted adaptation of the cell structure (solid layer thickness, cell 
distribution) is difficult due to the complex interaction of all influencing 
factors
Solid layer thickness
Cell structure
morphology
Welding process
⇒ Good strength already after 5 minutes storage 
IR: Subsequent foaming within the weld seam
⇒ Significant reduction in tensile strength
⇒ Increasing the joining pressure inproves the mechanical strength
Conclusion
VIB: No subsequent foaming when welding chemically foamed specimen
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 Solid layer thickness is a decisive criterion for welding strength
 almost doubling of the tensile strengths during chemical foaming due to higher solid skin 
layer thickness at the end of flowpath
Influence of the solid layer thickness on PA6-GF35::
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𝑥𝐸 [µm]= 291 (122)
𝑥𝐸 [µm]= 668 (89)
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Gray value analysis and threshold evaluation
31 2 54
Results: welding
middle end of flowpath
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